Mogpilve Rdjusiacnt of ¢ Frcclsdon Tioss Stoocioe
Py peihocnis! Velloeiion

. € iz Jo Uil
Propalsion |
Ci frstituie

(

Lbhsire ot

tevious  gnclyiicsl stodgies ey shown i
feasibility of using & limiicd nomber of eoiive
membois to cdaptively aher the strocioel shape o
bhehavior 1o otheir desied siaies,
demonsiietion ol this coneept,  this popa
desctibes the resuls of & scavence of < diciiion
tesis, thei conelation with the enslyiics! resules,
and the problems encountered.  An exdsiingy 1oll
wale,  spece crecteble, hiph precision s

SHUCIONe Was used

For the most pag, the resohs showe
corecineni with the enclysics Bowevet, n
lcved nonlineastiics in the situciunrg! behovion weie
dgiscovered,  The signincence of the presence of
these nonlincariics in preaision Z:_Z::nf, r::
thoir impeci on ihe basie premise aptivily
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L. Intregucidon

Adzptive

structne  coneepls olict uniair

clicinaiives 1o the designets of praposed filicd
apoine & Chosed gsitohomy missions, sueh
s the Suby millimetern ndcnmedizic Mission (SMIK),
and the Larae Deploy Baticcior (LhE). These

nissions sre inicndco to obseve the indi
sub ::_::_23 vovelenpihs,
TERITITEN m IHGHUNG TEHEEO SUpPpoact by &
wine. A reauiteinsie 0F & dilirecion
limitca telescops s thet the :"r.:;‘.w.u
ciror b on the ot
the: minimuim wevelchpih o inicic
SponGing 1EicEve Stieate Ghol Teatifeinent s
then deicimingu 10 be hel the wWevchont cirot e
e, ._ ypically, ni .z.&. paiceni OF the: SOete Chrog
budpet i SNossied 1o e prmay taisson Thus
the: _.::: Y OIGHEGON'S SUHesG @neutely must by
et than 1/20 10 1/26 ol the shones wevelonath
ol intcicst Theicione, for i ,:. ‘ ,r .c: HES M1
ana LD, whtcie he wavelang
1_\ 100 - 1000 _:.w:.: :":?
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Lo scpmenicd 1Ieliccions sinjee
crivnt dcicimined by

SV THEN S :_ @
ditnens
ety of the stocung Z..._::::c ii ._:F i«
_:f. e the reficcior panels) which @re made 1o
vithin *once' micion nns of their conredct e, are
posidoncad chove the suppoti sirucione by & penel
cctustiion mechenistn, Thoerciore, the miniogmn
cehicveble  rddic sticee hiome e s
_.::..:::__n lirniu
penel aciustons coupled with the aceumecy of the

i
th

by the ranoe of :_:::: of the

1efie stppon stieeiure, The x:,,:::"m:. of &n
GGy w::l::.. H ._.:. :chy i this coniexi is thai,
by «i gically plecing eciusiors in the suppori

;

strociu _:.. shi:pe o ol the s SUPPOIL SHUCHIG Gan
b e ::w.:..u Lo minimize ctiors prodouced by findic
ebricaiion predision end/or thenma! delormasions,
Anothor c0venice is thaet the same scivsiots ey
be vsed to presitess the joinis of the suppori
trucitne in Orde to temove nontineaniiices that miay
exist due o small free pley in the joinis

Ihe shine ?_:::_ o truse ¢
sindicd by seveial _:E._,i_r:._:?.. :._ :x::;.:.

hei [1], c_.::_ aiion of the & __:.: truss we
formuolzied o a4 10 minimize the reauited cioti to
copnear  the shepe vhile: ::_:.:(._:c the
peiionnence of the anicnn: - Minimizétion ol the
ot reavitea for cheaps conestion wes

_:__._E_:..::i in the form ol minimizing  the
ek sciesior inpuio This heo the clicet of
cauislizing the conrestive foice smong T.:::::

>:: reihier than congidgeing the :::_: _m. Aneon
plisceinthi &8 _:_:;:_ﬁ ohnlGiio 41 _:wi
mcny feled ctiusiors, Anspplol ___:_ :: oplimel
placemcni wes consiaeicd in [2), by fus
nvGiing @ GIsscle russ sttaciore model into @
:..._::::.:_ moae! o which  the  optimum
iv souphi The ddes of using &
beneheia! in thei
il cosis 0o optimizetion @o
LCHOCET i compiison 1o oiscreie progie Iming
mecihods, Bowese, epplicshility of the resulis from

.
the: contininm mois! o the discrcie sbhociue s
ot streighi foveerd

[

Lt contintinm toact




-

igure i e

As an ahieimative Lo nigotous discrete oplinzation
methods,  heunstic technigues have  been
uggested and suceesstully used for the optinal
placement problem [3,4,5] - without incarning :.::
compuiationsl costs. Gpecibcally, Beto [6] has
cmployed the simulated anncaling techrigue 1o
minwnize shape distortions as well as the eficet of
nonfinear joint behavior, while using @ limited
nummber of aetustors T:.m:;.y,:_c o1 preloading
the truss stroctore ot iis joints was also studied [6]
with the  objeciive  of :;::S:c any o
nonhnearidics. Al of these ::::;_i; resulis
:::__:_:.:. the sibility of using active members
1o adaptively  alier the r,_:_z.. 2 the structure
.:_:_\;: it's behavior to other states,

xpenmental shape  control has concentiated
mostly on the ficld of adaptive optics, whete the
ngure of fiexible mintors was controlled by @
Adiscrele numbaor of aciuators, For example, inaited
teating waes petionmed [7) 1o veriy the ability of
picsoelectne acivators to creale @ predetermmned
deformed shape ol a composite pancl Also, nine
precision foree actustors were used (8] to adjust
the figure of & 62 cm dizmeter thin sphencal
ot

Using & space - erectable tuss struciore, bias (1),

the objective of his paper is to veriiy the analytica!

AS100

uas o esthed

prediciions of Bef. [H) with regard to the ability of

linited number of aciuastors Lo coneet stiucturasl
hape cbenations, The sttucture is @ four-mete
dicmeter,  doubly curved tetrshedral crectable
tuss, which has been the subject of considorable

previous developiment and testing

In the sections that follow, the analysis procedure
will be first summmiatized along with the analyuceal
culis which the tests will aim to venly, We will
then desctibe the testhed sthucture, is aetive
components, instrumentation, @nd date scquisition
aystem used.  Detailed discussion of the tes
sequence,  resolts, thelr companson with  the
wytical prediciions,  and the  major - lessons
_7.:;.: will conclude the paper.

U, fnelyels

For the precision strociure in bigo (1), static
dgistoriion of the shape canresuti forme (1) thenmel
chanoes and/or gredients due 1o exposure to sun
and shade, () the shsence of gravity when the
stucture has  been  consttucied,  tested,  and

alyred oncgroundg,  end o (3) the finite
manulaciunng tolerences employed.  But aside
from the source of ahenations, the aim here s to
eotablish the deares _C which @ limited number of

strateaicatly _:2“: aciuators can rechan the

N




struciure! shape to @ desiied conhgureion,

Shape cotrection for sicticelly indelermingie truss
SHUCIUTCS WS eramined in [6H), assuming lincar e
woll as nonlincat joint behavion, In both cases, the
objetiive of the anglysis was 1o find the beg
locetions and  gzing for & givenr number of
stivaiors <o thet @ prescribed disiorion can ba
conected, The eciuson gain is delined here es
the amouni of Wevel o displacement in én
exicnaible axial membet, e @n aclive cinbos,
10 genereie & redlisiic disioned shape of the
struciure in Fig. (1), & finite clement enelysis was
fitst peronmed to caleulate the defonnations @ @l
gearees of-freedom (G.o4) of the truss due to @
tepreseniative H K thenna! gradient inplane in
the  Y-ditceiion, Subseauent snelyses then
addiessed the problem of the numbet of aciusions,
theit optimal lozations, and gaing required o
minimize this initizl distotiion in the z-gireciion ol
the top nodes (or conitol degrees of-frecdony) of
the truss, This is cauivelent to athennalizing the
strucine, Bui, rather then reauinng the eciugions
to restore the disionied siruciue o dis onging!
shape, we may view the given distorion as the
defonmation paiicnewhich we desite the sciustors
1o geneiete,

betailed description of the analysic can be found
in [b], &nd is “l(??(if()l(‘-‘gi\’('-ll hare in bacl fonm fon
compleichess, et o the: vesior of doesied
defonmztions ai @ spetiiicd et of i cotinol painis
(i.e. contto!l dodt), and u o« the vetior of
doionmaiions inouced st the sams conto!l d.of. by
n, eGiive membats which have beane arbiirenly
pleced and their geing abivenly scito AL Hor
any such & sei of ;z(:illf:i(n:s. we atopt the nng
cno funcions, ¢, & mepsue of the eciostons
ahility to achicve “I’ desiied shaps cotretiions:

ec [(ut-u) (o oy P ()

Then the oplima! @ciogsiol lossiong &nd geing &re

those thai mininizé ¢ with 165psi 1(. el possible
locations and Qaing,

In & linea: shruciune, the nodal deioimsions v st ng
G.of @6 relztes o the gaing A byt

u: Sho (2)

A(": }"- ; l }\"‘: (3)

Generally the mainn § s reciehaulen npa, o onis
the tote!t nuber of d.odf., and mois the tolal
numbar of membary in the trass, the reméaining
mattices in b a. (8) hove the mesnings: By is npn
matr of zetos and ones which sceletis the rows
assotizied with the convol d.of. in quesiion, B
hoi, e of 76108 @nd ones \"hl(h soletis lh(
(:(:hlmns assoticied with the eciucion locaiions, K
ic @ dispona slifiness mete conigining  the
clemenia! stifiness TAN, [0S & QCOmcne mstig
that reletes @l the nodsl dod. to the lengih
(hum(a in &l members of the toss, and K
(K[ is the sysiem global siifincss, The inverse
form of Fa. (2) mmay boe expressed by

Ao (s79) 5™ (4)
Minitnization of L a. (1) with tespeci 1o sl possible
jocslions and gaing, iy be peHONey iictstively
within the fretacwory of the shinlcicd anncaling
algotihim, Dunng & typicat siimulsicd annealing
ftctetion 1, @ new set of losations l for the o
acivaions is genctraied and the I(»H(l\'.’lll(l sieps ate
petionmed;

-

Forthe cunreni lozitions, caleulsic & fiom (8).

. i . . N
b, Assuming Uiz U, COmpRe appoXimaie set of
qaing A, from the inverse relaiionship in (4).

¢ From the forward soluion in (2), vse the
resulis of (@) and (b) 1o find v,

6. bvelusie ¢ from (1),

¢ bepending o the relstive magnitode of ¢ @nd
G, g @nd other patatcicrs in the @nncaling
E. aotithin, the locsiions L, may b ciiher
accepied of rejesicd.

{. Stop i minimization of ¢ has conwverged, o
pencigic e new |, 4 s60EHoSEIoNs andg oo

((:). B

The anslysic proseduie desenbed ghove was
applics [5) 10 the tuss shociore of Fig. (1), Some
of the mein resulis are sunmsrized in Fig, (2),
which shows the hos eior Cohretnon, ¢, that can
bo achicved using vanous number of optimilly
placed atiusions. The tuagniivdc of the initie! s
cirar is thei shovwn when ngs 0, LG no atiosiars
used, Two impotiani obso :\'i:ii('nS: can he madcin
connesion wiikh Fig, (¢):



i. foré static
:c_.:::r_.:
one ned

indelenmingic straciure
m:_m e mcinbers - whoete nan
acluators to Gxecily proguce
any H:rn:n all nod.od. Locstions of the
n acivators must, however, b optimally seleciet
from among &l _.:pf_:_m .: meinber locations.,
Fewoer dod. in the desited sot one o use
fewer number of scivators
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Figuwe 2. BMS L or Beduaciion with Incicasing
Numiber of Actuaiors

il brom & praciical poini, one Gocs not need to
achicve the desited shapo exacily, and thorclore
one ooss not g to use & large numbaer of
acwaiots-even i the numbe of d.od. inthe desires
setis ke, Aromarkable depre : n_cfc_; ss to
the nns eno: c:::n o whicved by
siraicgicslly _:._ W0 Heenisae of the
total 1 ::_ s by s wiithy oplimized

aains, o exan 4TS, TOX

and B2% of the _::. concited,
respectively, with only of the total
L0 _:::TE

ns Gy
.c. four,

baing attive.

In view of the abhove
CEPTHINGHLS WO
curve in big. (7) v
aciugions

resulis, the  following
+ GESINGU L0 veniy poinis on the
vhich conespond to 2, 4, und 6

UL Tesi Seiop

1. Tegibes Degedption: The tesibg
shown in Fig. (1), is @ suppoit ::m
G ?y s patabolic, 2.4 meiei
teicson The uppat

a Siruciung,

SUHeCe COIGH-o comat Gisianee is nominally 3.6
mieiers, The  thickness  of  the  tuss s
approviméeicly 0,64 meier. 150 Graphiie b poxy
struis, 300 sluminum arctieble joint assemblies,
and 4L aluminun notes @re used Lo constiuct @
dgoubly curved tcirehet ::mw. Thete arte 27
nOUes on the: upper suriase i 16 notes onthe
lower surace, The siuciun m:__..c_.:...f: tho
cenited nodes of the lower stface, The
SUppOIL nodtes @1e n_::_th to & 1130 ko
Qroung,

:_:.:
Aee! block, which represenis

e joini and not rﬁw:_:_._x acsign is
& heli seale version of the joint origine =< developed
far Spece Stetion brecdom. A de _ dacsctiption
of thig joini cen bo found in Bus {¢]. The
use of this type of joini allows for _:r,_.:cn cresion
of & precise, highly redundant stiuciure. The key
fecture of the erediable joinis is the sideways
inscriion of the st into the vuss, That s, the
slrut is placed ino :.o truss by inseriing the stra
joini hi veys into the node joint h
joint is then locked and lightlly pretoades
totery cam mechanism that can be scuuated by @
sitple Wwening of the joint cover, The _c__: héalve m.
Opposiic cnds of & st have opposite threac

diteciions, a@llowing the stiii 10 be used as @
turnbuckle. Prior to in ‘_:_.x:c: the sirui lengih is
predisely edjusied and locked into place by j
nuis. The nominal node center 10 node cemae
lengihe @re 0.61850 :_ES for the core sirais
ange from 077147 o 081415 metars for the
uppet suiece members, and i@nge ftom 067716
10 0.€16GT meiats for the lower suiace b
All lengihs @ set o within & toleiance of

microns

The ciee

This testbhod
cha
and Low [10). Ong
characicnzation tesis, wes the
obseved 1o have some nonlinea
ansing from imperice _2:? > _E.FM
deficsion test tesuli is shownin Fig, (3), wh
tns of the disioned shapa ¢ m. the ¢ lop SUHaco
plotica vaisus the losd applicd @t one of the
Come noges, Two cotupleic losd/unload cycles
are displayed in the fipure,. Note thai for the first
lozag/unlozd eycls, the nngs of the distotiion does
ot civtn to zeio whan tha load is removed, whilg
for the second loatiuntozd cycle the date poinis
are nesty coincigont - and whoen unloaded, the
100 Telns 1o the new steriing point.

siruciune was C::r:g ty : sted at _:
c:.__:.c. by both Bush, et m
am_.._:om:._ :%:: of _cmo
the te ../._,L was

Hns Gistoliic
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Figure 3. BMS | iior for Comer Static 1 oad

This suQ g(s thai thele are joint nonlineariics
which are boing closed/opened when the struciune
is inilielly loaded, @s well as engular reotientation
of the joinis. This will ba discussoed furiher in the
test resulis,

¢, Actugtone end Instromentstlon: The aciustors
vsed throughoui the expeimenis are refenedno e
lead screw aciive members, B ach consisis of @
mototized micromeles s the primary componcni
of the  ocmboddable  aciive  member, The
piczodlectically driven active mermbas previously
doveloped and used  at the Jdet Propulsion
L aboratony for sdaptive studics are not suiieble tor
the present stetic applicetion because aciuator
qaing (avel) on the order of 1 im are required
here. This excecds the cunend capabilitics of the
piczoclosine sttain « actusied active micinbors,
The motorized micromeicr coptaing an M10x0.5
lead scrow driveiy by @ DG gezmmoton. The lead
serew aclive momber assembly including the
mototized mictomeiet, load coll, adapiers, and
creciable joints is shown in Fig. (4).
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Figue 4, L ead Serew Aciive Mambai
g cell is placed mechanically in

A Sensotes DG
$ € aGive mcinber 1o measue the

senes wiith

total logd, | ach load cell signal is conditioned by
an Insttum amplificr. A magnelic encoder s
incorpotated into the gearmotor assebly,  Bu
due 1o rotational backlash of the gearhead, the
cncoder s @ poor  displacement  tansduocer.,
Thercfore, the DG load cell is vsed haere as the
feedback control sensor,

A in Rel [10], the tesibed is instromenied with
filicen bucas-Schaevite lincar vatizble dificrential
transionmers (L VD1°S) to measue the deficsiions
in the 7-diredtion @i the 16H nodes indicated inf i,
(&). These fell on the thres major dicmetets of thoe
uppar surisce of the testbhad and serve as tho
control d.od. used in the analysis. This choice of
locations was made hete for casy access - not
because of other funclional reauitements, The
LVDT's are positioned in place fiom & reletively
tigid suppoti struciure  (known as ganity - not
shown).  The IVDT's are used with a signal
conditioner whose bandwidih is 0 250 Bz, A low
pass filier to minimize noise prablems is @lso used
In  addition to the LVDTs, the stucise is
instrumented with 14 thormocouples to monitor the
temperatore distribuiion across the uppor surace
and through the thickness of the struciure.

j'/ '\&/Q\A ) \

v ND % o~
= UE \’;'\// 7 /
%K‘X\?}n ’3//
»Mx//

h \6 7
. ‘a

Fipwe & LVOT's & the Control dood.

3. Dete Acqulglilon Sysicm: 10 insure fast and
accurale Gaia recording, & daie acquisition syste m
(DAS) based on ahwicwy v»!w."wc vas Usod

During previous testing oh the sang -uucun(z[m],




it was found that difierential thermal expangion
between the testbed and the gantry produced an
apparent  diifi on the insttumentation which
obscured any stractural nonlincaritics. This drili is
areatly minimized by the ability of the DAS to
acquite the data quickly, so that the test is
completed in as shori time as possible, The DAS
is capable of accepling oulpuis from all LV s,
load cells, end thetmocouples at once. I is also
capable of initizlizing the test as requited.  This
includes zeroing the LV signals, zeroing the
load cell signals to give the member force doe to
the actuaton, and recording the thermmocouple
readings as the test progresses,  As the acluator
forces are incrementally  changed, the force -
displacement data are acquired, avertaged over
muttiple samples, and stored.  The DAS s
interfaced with a Miciokinetics motor contioller
which oporates cither in a anoal mode to
incrementally change the force in the actuators, ot
in the automated actuator foree control mode in
which the masimum forcee ineach actuator is given
along with the number of increments 1o be vsed.
In the latier mode, the DAS adjusts cach actuator
urdil the load cell associated with each acluator
reads that the desited level has been achieved.
An automatic overide is buitt in the DAS, which will
cause the system to shut down it the maxitmum
force level is excecded in any single load cell,

V. Roesulie of LxpeHmoenis

As a demonstration of the adaptive shape contiol
approach described in the analysis seciion, &
saties of validation tesis wete potiotmed. - ‘they
involved succossive use of two, four, and six active
members to disloti the struciure such that the
doformation paticm, u, at the 15 - control (i‘(l.‘f.
closely approximeates tho defonmeaiion patiem, u,
a the same dod, had the stlucine been
subjecied 10 a presctibod thermal profile. This
thermal profile was solested fiom  the thenmal
analysis periotmod in Red, [11) for the SMIM
mission. lt consisis of & H° K/im thenmal gradient in
the Y-direction, and no gradienis in cither the X o

z-direction. During testing, no thermal changes of
any magnitude woere inlenoed 1o infivence the
struciural defonmation. In faci, the punpose of the
thenmocouples distributed throughout the struciue
was to moniior thormal changes - it any- from the
beginning 1o the end of each test,

Accatding to Eg. (1) and the analysis 1esulis of
Fig. (2), v and u can be made cdosest in their nns
sensa if the two, four, of sb aclive members were
optimally located and their gaing also optimized.
These oplimal locations are depicted in Fig. (6)
and Tablo 1 for the two, four, and six groups of
acivadors.  Notice that while the four aciuator
configuration is & subset of the six actualor
configuration, the two acluator configuration is not,
The cotrespanding optitial gaing for each of the
three configurations are also lisied in Table 1, and
the resuliant Z-dolormations @ the contiol d.odf.
are given in lable 2. The resulis of Table 2
correspond 1o the 2, 4, and G aciuator points on
the curve of Fig. (2).

tiguie 6. Optimal Actuator L ocations

A sonies of 4 tost configurations was conducted
vhich include: (1) eight single acluators, (2) two
acivatorg, (3) four acivaiors, and (4) s actuators.
Prior to each tost all lozd cells and displacement
transducers wore initialized to zeto, t ach testthen
involved cotmanding the actuators in question 1o
adjust their lengihs incromentally suchy that their
load (measured by their load cells) reach the

Table 1. Optimal 2, 4, 6 Actuztors and T heit Gaing

| 2 Ariuston '

Ariustor No. | 3 103 34 97

Fotw (Ib)

4 Actuatols
98 99 34

|
-s0.0 277 | 3854560 -'4-/.0 -50.0

| 6 Acivators ‘

| B 6t 97 95 99

| 339 180 3.0 -467 -50.0 -469 ‘
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Table 2. Deformetions (mictons) &t Control D.OLE

Contiol D.OF . 2 Aciustors 4 Ariuslots 6 Ariuntors
1 260 280 Ao
? -320 -24.0 -2%.0
3 27.0 -21.0 -26.0
4 -24.0 250 -27.0
S -20.0 -16.0 -15.0
6 20,0 -17.0 -19.0
1 -56 -30.0 31.0
8 -43 280 -271.0
9 -9.0 -19.0 -19.0
10 -7.9 -16.0 -16.0
11 1+ 1.0 -21.0 24.0
12 +0,7 S28 50
13 408 4.4 7,9
14 4 4.-1 4 4.0 1+ 4.0
15 .0.7 4 5.0 +3s

maximum desired level.  This was followed by
incremental roversal of the loading in the actuators
to the full magnitude but oppaosite sign, and then
back 1o 2010 loads - also incrementally,  In cach
loading/unloading direciion teh inciements weie
typically used. The forces in the actluators and
conesponding displacemants ai the control d.of.
are recordod al the end ol cach load inciement,
This  cyclic  load/unload  procoedure  allowed
obsorving  any nonlinoariics  and/or  residual,
doformations remaining whon the structure was
complotely unloaded.

Tho single aciuator tests consisted of placing one
actuator &t & tee &t one of the & locations of
Tablo 1 (also Fig G), thon boading/unloading that
aciuator incremanially to ¢ 50 I, Light suchtests
o1 poriotmed with the objoctive of characienzing
the truss response.  Fssontlally, these tests
moasured the S matrix of Egs. (2) and (3), which
is the actuators infivence cooflicionts ai the control
poinis of interest. Figure (7) is an example of such
expatimonta!  moasurcment of  the  infiucnce
cocflicients for an actuator at location *97°. Notice

the small residual deformations of the order of 4

of 4 mictons when the load in the member s
completoly removed.  Other than this, the load
doformation cuve was typically lincar, With this
preliminary  characiotization, the following threo
tesis aimed 10 emulaie the analysis conditions in
Table 1 for the two, four, and six acluators
configurations.  For example, in the two acivator
tost, one actuator was placoed at location *38' and
anothor placed at location *103* in Fig. (6). these
two actuators  were  then  incrementally
loaded/unloaded simuliancously botween (-50.0,
22.7) and (4 50.0, -22.7) pounds,
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The doformation at the 15 control d.ouf. for this test
conhiguration are displayed in Fig. (8). Tho two
values shown in each box conespond to resulis of
the test and analysis (Table 1), respoeatively. Tho
thitd value shown above each box was obtained
by numetically combining the resulis of the
appropriate single actuator tests.  In the present
case, these are the single actuator tests for
location *38*, and for location *103*. 1his nuructics!
combining of the two tosts sorved 1o verily tho
influence  cocflicients that were  experimentally
measured from the single actuator tests. The two
sots of axponmentally derived values in Fig. (8) are
rathar consistent among thomselves.  And whon
compared with the analytical prediction of this
case, oho finds gonorally good agrecments,
Deviations on the order of 20% represent the
nonn. Basead on previous tesling this is expocted,
Anothor measure of tho quality of agrecmoent is tho
s of the test delormations and  analysis
defornmations. Those wore 47.8 and 63.4,
respodtivoly.

Except for the numibor of actuators employed, their
Iocations, and gains, the four actuator test
configuration procecded in tho same manner a$ in
tho two actuators case, Howevar, resulis of tho
four acivator tests (soo Fig. 9) soom to comparo
mote tavorably with the analysis results than did
tho two actuators test, This is bormo by cotmparing
tho individual response values at the control d.oJf.,
whicro daviationis of the order of 7% were thanor i1,

The nns values of the te st ad analysis
dofonmations are 81.6 and 76.6, respoctively.

The test  procedure for the sk actuators
configuation was conductiod similar to provious
tosts. Nameoly, boginning with tho initialty unloaded
siato, forcos in the six actuators wore incrementalty
and simuliancously applicd up to  their full
(analytically dorived) values in Table 1, thon wero
incremontally roversod - passing through tho
unloaded staie until thoy reachod the negative of
thoe same load levels of Tablo 1, and back to the
initial unloadoed state.  The response of tho
«im(-'ur(- al tho maximum loading lovel is shown in
Fig. (10) at the 15 control d.of. above each box.
Rosuks of tho analtical siulailon of this tesi
conditions are indicated, also in Fig. (10), by tho
socork sot of valuos inside each box,  Cloarly,
these two sets of resulis are in poor correlation,

Al poirts of the loading path when the actuators
wero comploiely unloaded, residual deformation as

[-34.3;.28] [-24.8; 24]
[25.1;-23] [749 .zs|
[-27.9; 17)1\ 263 .zg\ -10.1;-16 |
f1e.2:-16 | [320.-30 | [16.1;-19]
[711 21
28| [2n .4/4\
)
)r
X [92:4.0 | [1140; 5.0 |

Four Actuators @ 34,97, 98, 99

Figure 9. Yost-Analysis Comparison for Four
Actuators

large as 30 microns remained at somo of the
control d. o.f. 1 he possibility that thennal changes
that ruay have accrucd over the test duration may
have causcd theso delonnations, was discounted
on t e basis of analysis  of  thhie e yaal
crwvitonmonil,  Data recorded by thio 14 thenno
couples mounted through ot the structure, and
showing thermal changos of the order of 0.5 °C
was usedin the analysis. 1 ho results indicated no
more thian & - 10 microns deformation at any d.odf.

1 t w0 only possible source for these residual
doformations w a s bolieved to be inhorent
nonlinearitios in tho struciure,  And since the
analysis assumod a lincar clastic behavior,
subtracting the residual deformations from the total
observed values (above eachbox in fig. 1 O)
should provide a more rational basis for comparing
thw analysis andtesiresuts. A s such, the
con ected resulis are presentod by t he first valuo
inside each box in Fig. (10). T ho blank spaces
indicate no data duo to f aillure of tho L VO 's signal
conditionors at thosa lotations. 1 ho correcled test
values shows greatly improved correlation with the
analysis values but not as qood as thie correlations
i1 thie casos of single, two, and four acluators.
1 he s of tho coneied test deformations are
now 86.4 in co nparison with 76.9 for the rns of
the analysis deformations.
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In absence of additional testing to  study the
obsarved nonlinear ities, ono can only speculate as
to thoir source and nature. During pravious testing
of this struclure [9], only lincar beohavior was
observed. In the present tests anti in Kel. [1 O]
doformations woro on the micron loevol
N or linearitios of differor i magnitude  Wo re
observed both in Ref. [10) 6.g. soo Fig. (1) andin
tho prosent tests. In spite of the fact that joints of
theo testbod truss woro spogcially designed andbuitl
to a high dogres of precision, thoy appoar to bo a
strong suspoct for causing the observed micron
leval  nonlinoaritios. Coupled will 1 random
variations in tho goeometnc dimonsions of tho truss
mombers, and angular tolerances in tho orientation
of tho various moembaers megling al a joint, it is
plausiblo that small nonlinearitios in some of the
joints wouki react preforentially depending 011 the
load distribution throughout the truss. 1 his may
explain the small residual deformations (of order &
microns) in case of the single, two, and fown
activators - w} wore tho relatively localized loading
could exercise fow nonlinoar joints, as conparoed
to the residual deformation of up to 30 microns in
the six actuators case whiote loading was n ore
distribitod and could have domit yance over a
largor numbaor of nonlineas joints.

But asido from discovering suet 1nonlinoarities, t he
presor g tosts con elated reasonably well with thie
analysis results. t {ad the struciure boon porfocily

linear, tho tests confinmed that a limited number of
strat egically placed active men ibors could indeed
bo used to conect shape aborrations.

V. Goncluslon

Using a realistic space erectable truss structure,
resulis of the tests describod torein demonsiraled
the abilty of a limited numbor of active membors
to produce the desired shapo cornrections with
reasonable accuracy. In a sonies of tests,
successively increasing numbor of actuators were
usod to produce a desited patiern of shapo
corrections., Corralations  with  analytical
predictions weore good undoer all tesl conditions
vhore nonlinearitios were nogligible.

In the six actuators test, residual deformations of
up to 30 microns woro observed when all actuators
wore completely unloadod, most probably due to
nonlinearitios in tho joinls.  Apparently, these
nonlinearitics were not exhibited whon tho same
structure was previously tested.  And alihough
those micron lovel nonlinearities obscured a n
othiorwise good con elation witt  the linoar analysis,
thioir obsarvation hore adds spocial significance to
the use of adaptive concepts 1 n  progision
structures,

Adaptive concepts are espocially aimed at such
sources of uncentainties in bohavior. In a closed
loop systom, once those residual doforninations aro
sonsed, thoy can bo conectod adaptively by the
aclivo mombors to any dosirod dogreo  of
accuracy., the use of active mombors in
jrrocisions structures can also ease, anti n lay own
provide an atlractive attornative to requirements
that certain structural or optical components be
construclted from 1 00% din ensionally stablo
materials.
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